To satisfy both the bandwidth efficiency of low-speed mobile hosts (MHs) and seamless handoff of high-speed MHs in cellular networks, this paper proposes a reservation scheme which exploits a dynamic two-tier cell structure and the handoff probability. The dynamic two-tier cell structure determines the reservation and non-reservation zones according to the speed of MHs. The handoff probability is calculated using the moving speed and the direction of MHs.
Introduction
In order to support seamless handoff in cellular networks, many reservation schemes have been proposed to reserve some bandwidth of neighboring cells before the handoff of mobile hosts (MHs). The static reservation scheme [1] reserves the fixed amount of bandwidth for seamless handoff, whereas the dynamic reservation scheme reserves various amount of bandwidth in accordance with the characteristics of MHs calculated using the probabilistic-based approach, the profile-based approach or the motion-based approach [2] .
Recent studies [3] - [6] address the fixed two-tier cell structure, which divides the service range of a base station (BS) into the non-reservation zone and the reservation zone. In this structure, the BS requests the bandwidth reservation to neighboring cells when the MH is located in the reservation zone, i.e., outside of the non-reservation zone. On the other hand, the BS does not request the reservation when the MH is located in the non-reservation zone, i.e., circular area far from the BS with a fixed radius. However, in the fixed two-tier cell structure, setting a wide reservation zone (setting a narrow non-reservation zone) causes the waste of the bandwidth resource for low-speed MHs due to their long reservation time before handoffs. Also, setting a narrow reservation zone (setting a wide non-reservation zone) prevents high-speed MHs from their seamless handoffs. In this paper, we propose two things, a dynamic two-tier cell structure and an adaptive bandwidth reservation scheme. In the dynamic two-tier structure, the sizes of the reservation and non-reservation zones vary according to the speed of each MH. In the adaptive bandwidth reservation scheme, the amount of bandwidth to be reserved in the neighboring cells is proportional to the handoff probability calculated with the current location, the direction and the moving speed of MHs.
The strength of the proposed scheme over the fixed two-tier structure is better utilization of the limited amount of bandwidth. Compared with the fixed two-tier structure, the proposed scheme reduces the total amount of bandwidth reserved for low-speed MHs and exploits it to allow new calls, while the total amount of bandwidth reserved for high-speed MHs is maintained almost equally. Although the decrement of reserved bandwidth may increase the call dropping during their handoffs, the proposed scheme minimizes their call dropping increment by assigning more bandwidth to the MH having higher handoff probability. This results in better bandwidth utilization.
Our evaluation shows that the proposed scheme manifestly increases the success ratio of new calls by enhancing the bandwidth utilization, 48% in the best case and 36% in the average compared with the fixed two-tier structure.
Proposed Reservation Scheme
The proposed scheme consists of three steps. In the first step, the BS determines the size of the reservation zone of each MH from its moving speed. It assigns wider reservation zone to a high-speed MH and narrower reservation zone to a low-speed MH. Only for the MHs inside the reservation zone, the BS performs the following two steps to reserve some bandwidth of the neighboring cells. In the second step, the BS determines the target cells, which are neighboring cells within threshold value from the MH. In the third step, the BS determines the amount of the bandwidth to be reserved by the target cells. The amount of reserved bandwidth is proportional to the expected handoff probability, which is calculated from the current location, the direction and the moving speed of the MH.
To determine the size of the reservation zone in the first step, the BS collects the locations of MHs in every T seconds and estimates their speed, denoted as V(m) for the mth MH, from the two successive locations. The reservation zone is the outside area of the non-reservation zone and the non-reservation zone of the mth MH is determined to be the 
where R cell and N req are the radius of the cell managed by the BS and a system parameter adaptively changed according to the status of all MHs, respectively. Then the radius of the non-reservation zone decreases as the speed of the MH increases.
In order to determine the target cells in the second step, the BS calculates the distance from the current location of each MH to the borderline of neighboring cells. If some cells among the all neighboring cells have a smaller distance than V(m)×N req ×T , they reserve bandwidth for the seamless handoff. This determination procedure of the target cells is similar to that of the fixed two-tier structure.
In the third step, the bandwidth amount RES V(m, j) to be reserved in target cell j for the mth MH is determined as follows:
where B req (m) and HO(m, j) are the initial amount of bandwidth requested from the mth MH according to its communication quality and the handoff probability that the mth MH moves into cell j at the time of its next location collection, respectively. In the calculation of the handoff probability HO(m, j), the following notations are used besides of T and V(m) defined above.
• P(m): the current location of the mth MH.
• θ 1 (m, j) (and θ 2 (m, j)): the angle from P(m) to the right end (and the left end) of the borderline between the current cell and target cell j.
• θ: the angle of direction toward which the MH moves.
• dist(m, j): the shortest distance from P(m) to the borderline of target cell j.
sinθ : the distance of direction θ from P(m) to the borderline of target cell j.
• PD(m, θ) : the probability that the direction of the mth MH is θ at the time of the next location collection.
• PV(m, v) : the probability that the speed of the mth MH is larger than v at the time of the next location collection.
The specific meanings of these notations are depicted in Fig. 1 Meaning of notations used for the calculation of handoff probability. D(m, j,θ) T ). Then the handoff probability HO(m, j) when θ 1 (m, j) ≤ θ ≤ θ 2 (m, j) is calculated as follows:
In this formula, PV(m, v) is the cumulative probability P(v old ≥ v), where P(v old ) is the probability that the speed is v old in the distribution of the previous speed records of the mth MH. Similarly, PD(m, d) is the probability that the direction is d in the distribution of the previous direction records of the mth MH. In order to avoid the memory overhead to store many previous records, only the mean and standard deviation values of the previous records are stored in the proposed scheme. Then PV(m, v) and PD(m, d) are derived from the normal distribution generated with these mean and standard deviation values.
Evaluation
In our simulation, we use the hexagonal cellular topology consisting of 19 cells wrapped around, because the hexagon is a good approximation of a circular cellular network. We set the radius of each cell to 1 km, because the maximum service coverage of the BS in urban areas of the 4G Wibro cellular network is 1 km [7] . The bandwidth capacity of each BS is set to 30 Mbps. In the fixed two-tier structure, the non-reservation zone is set to 61% of the cell area [5] . In our scheme, the system parameter N req is set to 1.2. Considering the MHs belonging to walkers and automatic vehicles, we select their moving speed uniformly between 1 m/s and 30 m/s. The direction of the MH is randomly generated with a deviation value of π 12 . Most of these parameters are also used in the previous works [5] , [6] . We get the parameters of MH's calls from the three actual application groups [8] , such as bandwidth requirement, connection duration and average call duration. Table 1 shows the summary of these parameters. More detailed parameters of the simulation environments are described in our preliminary work [2] .
We compare the proposed scheme with the fixed twotier cell structure [5] , [6] , called mobility-dependent predictive resource reservation scheme (MDPRR), in terms of the handoff call dropping rate (HCDR), the new call blocking rate (NCBR) and the bandwidth utilization. Figure 2(b) shows that the proposed scheme has smaller NCBR than the MDPRR method by 36% in the average case and 48% in the best case. This is because the bandwidth availability increases as the number of requests for a low-speed MH decreases. The values of HCDR in the proposed scheme and the MDPRR method are almost equal such as shown in Fig. 2(a) . Their difference is less than 1% in all cases, which is negligible. Figure 2 (c) shows that the proposed scheme has better bandwidth utilization than MDPRR. This is because the proposed scheme considers the speed of MHs when determining the size of the reservation zone. The simulation results show that the proposed scheme provides lower NCBR and higher bandwidth utilization than MDPRR with almost equal HCDR.
